Background: Bronchopulmonary dysplasia (BPD) is associated with prolonged hospital length of stay (LOS) and delayed discharge home.
Introduction
Advances in the medical care of very low birth weight (VLBW) infants have led to decreased mortality rates, [1] [2] [3] but this has not been accompanied by a similar decline of many neonatal morbidities mainly due to increased survival of the smallest neonates. Introduction of therapies and ventilatory strategies, aimed at improving respiratory outcome, have not had the expected impact and one of the most common morbidities in the VLBW infant, bronchopulmonary dysplasia (BPD), has remained at a constant 4, 5 or at an increased rate. 2, 3, 6 BPD is an important health-care issue that is associated with a sixfold risk for delayed discharge, 7 with coexisting morbidities that may adversely affect outcome 4, 8 and with increased post discharge health-care utilization, 9 all of which profoundly affect the infants' families. Although infants with BPD are at risk for a prolonged hospital length of stay (LOS), 9 the effect of BPD per se or the influence of coexisting morbidities have not been defined.
Our objective was to quantify in a national population of VLBW infants, the effect of BPD on the LOS and to assess the contribution of concomitant major neonatal morbidities on LOS among infants with BPD.
Materials and methods
This population-based observational study was undertaken using data from the Israel National VLBW Infant Database.
The Israel national VLBW infant database Data were collected by the Israel Neonatal Network on VLBW newborn infants (birth weight of 1500 g or less) born in Israel from January 1995 through December 2003. All 28 neonatal departments in Israel participated in the data collection, which comprises the Israel National VLBW Infant Database (Appendix) . The data collected included demographic details, maternal pregnancy history and antenatal care, details of the delivery, postdelivery status, procedures and therapies administered, diagnoses and complications, and outcome at discharge. A pre-structured form was completed for each infant, checked for logic mistakes and, if necessary, returned to the participating center for clarification. All departments used an operating manual and standard definitions that were based on those of the VermontOxford Trials Network. 10 Patient information received by the database coordinator is crosschecked with the national birth registry and data from any missing infant are requested from the birth hospital. Birth hospital and patient identification subsequently remain confidential. Data were collected on all infants until death or discharge home. Inter-hospital transfers were followed by the database coordinator until final discharge home.
Definitions
The LOS was calculated as the total number of days from the date of birth to the date of discharge home inclusive. The gestational age (GA) in completed weeks was defined as the best estimate of GA based on last menstrual period, obstetric history and examination, prenatal ultrasound or initial postnatal physical examination. Small for gestational age (SGA) was defined as a birth weight (BW) of more than 2 standard deviations below the mean weight for GA according to intrauterine growth charts of Usher and McClean. 11 Antenatal steroid therapy was considered as either 'no' treatment or 'any' treatment, which included infants receiving partial or complete courses of therapy. Patent ductus arteriosus (PDA) was diagnosed if a heart murmur compatible with PDA was detected, left to right shunting was shown by Doppler examination and at least two additional clinical signs or symptoms were present. Intraventricular hemorrhage (IVH) was diagnosed by ultrasound examination and graded according to Papile et al. 12 Sepsis was defined as positive microbial growth on one or more blood cultures accompanied by clinical signs of sepsis. 13 The diagnosis of necrotizing enterocolitis (NEC) was made in the presence of clinical and radiological features according to the criteria of Bell et al.
14 Only definite NEC (Bell stages 2 and 3) was included. BPD was defined as clinical evidence of BPD together with the requirement of oxygen therapy at 28 days of life. 15 This definition of BPD enables early identification of the population at risk and captures the broadest population meeting the minimum BPD criteria.
Study population
From January 1995 through December 2003, the database included records of 13 430 infants, which comprise more than 99% of all VLBW live born infants in Israel. A total of 2829 infants (21.1%) died before discharge home. Of the 10 601 surviving infants, 459 were excluded owing to incomplete data required for the diagnosis of BPD. We also excluded eight infants that were hospitalized for more than 1 year. The final study population included 10 134 VLBW infants who survived until discharge home.
Statistical analysis
Distributions of perinatal and neonatal factors of infants with and without BPD were compared using w 2 test for categorical data. Normality of LOS data cannot be assumed because distributions are skewed and contain outliers. To overcome this issue, we applied in the analyses Generalized Linear Models (GENMOD procedure) with g-distribution and identical link function. Initial analysis was performed to assess the net effect of BPD on LOS adjusted for confounders. A second analysis was performed only on infants with BPD to assess the adjusted mean LOS associated with neonatal morbidities. In this analysis, combinations of BPD with sepsis, NEC, PDA and grades 3-4 IVH were tested to estimate the adjusted mean LOS associated with all possible combinations. The confounders in the models included the following perinatal and neonatal variables: prenatal care, antenatal steroid therapy, delivery mode, delivery room resuscitation, BW, GA, SGA, multiple gestation pregnancy, gender, ethnicity and congenital malformations. BW and GA were considered as continuous variables. Results of the generalized linear models are presented as adjusted mean LOS and 95% confidence intervals. The improvement in explaining the LOS in the adjusted model was assessed using the log likelihood ratio test, comparing the À2 Â log likelihood of the fitted model versus the null model, using the intercept only. Statistical analyses were performed using the SAS statistical software (Version 9.1.3; SAS Institute, Inc., Cary, NC, USA).
Results
During the 9-year study period, 10 134 surviving VLBW infants were included in our study, of whom 1926 (19.0%) had BPD. Perinatal and neonatal characteristics of infants with and without BPD are compared in Table 1 . Infants with BPD were more likely to have been born at a GAp28 weeks and at a BWp1000 g and less likely to have been born SGA (Table 1) . Unadjusted mean LOS for infants with BPD and without BPD was 100 days (95% CI, 98.4, 101.6) and 49.6 days (95% CI, 49.2, 50.0), respectively. After adjustment for perinatal and neonatal variables shown in Table 1 , the mean LOS for infants with BPD was 84.1 days (95% CI, 82.8, 85.6) and for those without BPD was 58.1 days (95% CI, 57.2, 59.0). The log likelihood ratio test was significant (w 2 ¼ 12 066 P<0.001). BW and GA were highly correlated (r ¼ 0.70). GA was previously found not to have a significant independent effect on delayed discharge of VLBW infants and BW appeared to be more important than GA in determining the timing of discharge. 7 BW was hence selected for inclusion in the model. The inclusion of GA had no additional effect on the adjusted LOS. Inclusion of the year of birth did not influence the adjusted LOS of infants with or without BPD. The effect of BPD on the adjusted mean LOS of surviving VLBW infants by BW group is shown in Table 2 . Among infants with BPD, LOS ranged from 127.3 days in the <750 g BW group to 73 days in infants of BW of 1250 g or more. BPD had a similar effect on LOS in all BW groups with LOS increasing by 19.8 to 27.7 days.
To identify the LOS attributable to BPD and that associated with concomitant neonatal morbidities, we analyzed the group of infants with BPD by strata of sepsis, NEC, PDA and grades 3-4 IVH. The LOS of infants with BPD and coexisting morbidities after adjustment for perinatal confounders are shown in the 
Discussion
The hospital LOS among VLBW infants with clinical evidence of BPD who required oxygen therapy at 28 days of life was approximately 4 weeks longer than for infants without BPD after adjusting for BW and other perinatal factors. Furthermore, this excess adjusted LOS was similar in all BW groups and represents in our population approximately 5000 hospital days for every 1000 VLBW infant survivors.
Neonatal intensive care unit (NICU) hospitalization is an important public health issue. This is evident from the high annual national expenditure on preterm infants in the United States estimated at $11.9 billion for the year 2000. 16 Infants at risk for BPD are of major importance because they are substantial in number, have an increased LOS, are at increased risk for additional complications of prematurity and will continue to utilize increased health-care services long after NICU discharge. 4, 9 BPD is a common complication of prematurity with a reported incidence of 25 to 42% of VLBW infants 5, 17 requiring oxygen therapy at 28 days of age and 12 to 29% at 36 weeks postmenstrual age. [4] [5] [6] 18 The increasing survival of VLBW infants [1] [2] [3] has resulted in more and smaller infants who develop BPD and require prolonged NICU hospitalization. The use of postnatal steroid therapy, although beneficial in decreasing the rate and severity of BPD, 19 has decreased owing to concerns regarding the adverse neurological effects of steroids. The large variation in BPD rates [4] [5] [6] 17, 18 may indicate that some therapeutic approaches may decrease the risk of BPD. Possible interventions that could decrease BPD include improved prenatal care and increased use of antenatal Figure 1 Effect of neonatal disease on length of stay of very low birth weight infants with bronchopulmonary dysplasia. corticosteroids, improved ventilation strategies, better nutritional practices, 20 use of vitamin A, 21 implementation of better infection control practices and selective postnatal steroid use. The latter, although not supported by current guidelines, 22 may be justified by a favorable risk-benefit ratio for moderately early postnatal steroid therapy. 19 Infants with BPD have a prolonged NICU course and are at an almost sixfold risk for delayed discharge home. 7 Prolonged hospitalization adversely affects the VLBW infant and his family because it disrupts normal infant-parent bonding, is associated with increased parental anxiety and delays return to a normal family routine. Oxygen therapy at 28 days of age may be used as a marker for early identification of infants at high risk for the adverse affects of prolonged hospitalization. Early identification of these infants may enable early intervention to decrease the adverse affects of NICU hospitalization such as psychological screening and early parental support, which decrease parental anxiety and positively effect outcome. 23 Many factors affecting LOS among preterm and VLBW infants have been identified. These include GA and BW 6, 24, 25 and complications of prematurity such as NEC, 26 late sepsis 27 and severe IVH. Bisquera et al. 26 in a case-control study showed that infants with NEC managed medically or surgically had an increased LOS of 22 or 60 days, respectively. Stoll et al. 27 in a large prospective study showed that VLBW infants with late sepsis had a hospital LOS that was 19 days longer for infants with sepsis than without. In both cases, the cohort with NEC or sepsis was sicker in many respects than the infants without these complications, thus the independent effect of NEC or sepsis could not be determined. Payne et al., 28 however, have reported a marginal increase in LOS of 4 to 7 days among VLBW infants with nosocomial infections after adjustment for demographic variables, comorbidities and interventions. This is similar to our results showing a mean excess LOS of 6 days among infants with sepsis. In evaluating the influence of additional major morbidities on LOS of infants with BPD, we elected to include sepsis, PDA, NEC and IVH in our analysis based on our previous study showing the independent effect of these conditions on delayed hospital discharge. 7 Almost 80% of infants with BPD had at least one of these morbidities and more than 40% had two or more. When a single coexisting morbidity was present, overall LOS increased moderately, but for the infants with two or more additional morbidities, the cumulative affect on LOS was evident.
In considering the results of this study, a number of limitations should be considered. Firstly, BPD was defined clinically and not on the basis of physiologic assessment of oxygen need. We elected to use the definition of BPD requiring oxygen therapy at 28 days of life, rather than the alternative definition requiring oxygen therapy at 36 weeks postmenstrual age. The former meets the broadest definition including cases of 'mild' BPD 15 and enables us to assess the impact of the whole spectrum of this disorder on LOS.
Discharge criteria may have varied between centers and over time; however, all centers comply with the American Academy of Pediatrics (AAP) discharge criteria, 29 and during the study period the proportion of infants discharged receiving supplemental oxygen, approximately 3%, remained relatively constant. Finally, over the 9-year period of this study, changes in medical management have occurred which may influence LOS, such as the increased use of continuous positive airway pressure and high-frequency ventilation, and the decreased use of postnatal steroid therapy. Inclusion of the year of birth in the analysis did not, however, affect the results shown.
In summary, this population-based study quantified BPD as a major and significant cause of increased length of hospitalization among VLBW infants. The actual LOS of infants with BPD was approximately double of that in infants without BPD, and after adjustment for potential confounders an excess LOS of almost 4 weeks was present. BPD has a major impact on the utilization of NICU resources. Preventive or therapeutic modalities are required to reduce the significant burden of this condition.
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